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Challenges of Integrated
Watershed Management in the
Developing World
• Professor Paul Kirshen, Director, Water:
Systems, Science, and Society (WSSS)
Graduate Program, and Research
Professor, Civil and Environmental
Engineering Department
• Paul.Kirshen@tufts.edu
•

With some slides from Dr. Vahid Alavian, World Bank

• Global Water Issues (in context of
Burkina Faso)
• Policy Response

Global Water Challenges
in Developing World
•

Limited use of technology

•

Weak institutional structures

•

Poverty

•

Limited markets

•

Energy supply

•

Lifestyles

•

Globilization

•

Tourism

•

Transboundary Issues

•

Contamination

•

Population

•

Urbanization

•

Domestic water supply and sanitation

•

Over-reliance on agricultural livelihoods

•

Highly variable and changing climates

•

Water-related diseases

•

Climate change

•

From UN WWDR (2003

How is water used?
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Global Water Stresses
• 1.1 billion lack access to safe water
• 2.6 billion lack access to basic sanitation
• 3.0 million children die from waterborne
diseases each year
• At any one time, 50% of people in developing
world suffering from water and food related
diseases
• Women in the developing world spend ~10
million person-years each year to bring
household water from distant source

Burkina Faso
Bonam village

Life expectancy at birth:
male
45.6
female
47.6
Total fertility rate x woman:

6.9

Infant mortality rate (x 1000): 105
Child (<5) mortality rate (x 1000): 198
Literacy rate (% age 15 +)
male
33.9
female
14.1

Annual Population growth rate: 2.6 %

Human Development Index rank: 169 (of 173)
Gender development Index rank: 143 (of 173)

90 percent of population supported by agriculture, 80 %
subsistence.
10 –15 % of food imported

http://www.fao.org/WAICENT/faoinfo/economic/giews/english/esahel/sah983e/esah-cl.htm

Burkina Faso

•The Sahel-Sudan climatic zone is characterized by a
strong north-south gradient of decreasing annual
rainfall.
•Rain falls during a single wet season consisting of
short intense storms over a three month (Sahel) to
five month (Sudan) period.
•The region’s rainfall is characterized by extreme
seasonal and annual temporal and spatial variability.
•Limited irrigation opportunities.
•Most of the cereals produced are rainfed for
household consumption and are grown with low
levels of off-farm inputs such as fertilizer or plows.
Cotton, peanuts, and sesame are leading cash crops.

Local farm families constitute the large majority of productive units in the
region
Livestock management is an important component of the agricultural
system – particularly by nomadic or formerly nomadic pastoralist groups
Limited and variable rainfall and poor soil fertility are the major
constraints on agricultural production and livestock management
“Under any circumstances, agriculture in the Sahel-Sudan is an
inherently high-risk, low-return endeavor”.

Seasonal livelihoods
Dry season:
November to May

Rainy (farming) season
May to October

CFAR Sites
BONAM, Central Plateau
(met station at Boulsa)
Annual rainfall: 600-700 mm
Inhabitants mostly Mossi, some settled Fulbe
Rainfed farming: sorghum, millet, maize, groundnuts, B.gnuts, cowpea, rice

30% of hh have plows

Planting maize
Bonam, July 1999

Sahelian Livestock

Small Reservoir for Water Harvesting

Irrigation at Small Dam

One of Few Large Reservoirs

One of Few Modern Irrigation
Projects

Poorly Maintained Irrigation Canal

Ouagadougou

Global Population Growth

~ 50 % water
demand increase
by 2025

Top 10 Mega Cities by 2015
Population, millions
0
Tokyo
Bombay
Lagos
Shanghai
Jakarta
Sao Paulo
Karachi
Beijing
Dhaka
Mexico City

5

10

15

20

25

30

Burkina Population Trends
• 2000 Urban – 2.2 million
• 2000 Rural - 10.4 million
• 2030 Urban – 9.4 million
• 2030 Rural - 19.7 million

•

UN Population Division

Implications in Burkina Faso

2030 Total Water Demand could increase
from 0.8 km3 to ~ 2 km3
By 2030 will need to provide sustainable
access to sanitation for addition 27.5
million people, to improved water
sources for 21.4 million people
To supply this will requires investments of
$100s millions

Ouagadougou Reservoir
in Droughtin
Ouagadougou
Reservoir
Drought

Transboundary Waters
• 300 major river basins cross
international borders (e.g., West Bank,
Indus, Mekong, Rio Grande, Aral, Nile,
Volta…)
• More likely cooperation than conflict
(last “water war” occurred over 4,500
years ago)
• Emphasis on benefit sharing and, in
particular, bundling with other issues

• Burkina Faso shares rivers with its 6
neighboring countries
• In 1999, Ghana accused the operators
of Bagre Dam, just north of Ghana, of
contributing to widespread flooding and
consequent damage in Ghana by poor
operation of the dam (BBC News,
September 14, 1999).

Burkina TBW Actions
• GLOWA Project
• Volta River Basin Commission
• West African Power Pool

Global Malaria Challenges
•

Malaria –”life threatening parasitic disease transmitted
…through bite of female Anopheles mosquitoes”
(UNESCO, 2005).

•

At least 2 billion people at risk, 1.3 million deaths per
year (mainly in sub- Saharan Africa and mainly children),
400 million cases of acute illness per year, leading
cause of death of children, 10 % of Africa’s overall
disease burden, may have reduced economic growth in
African countries by 1.3 % each year over past 30 years
(UNESCO, 2005)
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Some Prelim findings
• Many more anopheles mosquitoes are found in
reservoir communities (rough estimate: 5-7
times as many)
• The type of Anopheles most often found in
reservoir communities, An. Pharoensis, are
more frequently caught in outdoor traps,
indicating they prefer to feed outdoors
• The most common breeding area for anopheles
in reservoir communities is puddles at shoreline

TVA
•

“Whenever a stream is impounded for navigation, power,
recreation, flood control, or any other purpose in a malarious or
potentially malarious region, the resulting lake may create a
public health hazard to the people in the vicinity unless
appropriate measures for malaria prevention and control are
carried out. For this reason, provisions for the control of
malaria should be incorporated into the basic design,
construction, and operation of any impoundment in such a
region. Adequate planning in the initial stages of the project will
also result in increased effectiveness and economy.” (TVA,
1947)

•

Resulted in TVA fluctuating reservoir levels certain times of
year to control mosquito larvae.

• It looks like when water levels are high (+/September through December), faster
drawdown rates produce lower malaria caserates
• We speculate that faster drawdown rates cause
shoreline puddles (ranging in depth from .1-.3
meters) to desiccate, trapping and killing larvae
(which may take 10 or so days to transform into
mosquitoes
• Faster drawdown rates appear to have more of
an impact when temps are greater

Future Work
• Look at Costs imposed on hydro and irr to
slightly faster drawdowns between sept and
december, possibly other months
• Develop a few scenarios, examine tradeoffs, put
a value on irr, hydro, and malaria cases
• Look at different options: Are potential
alterations to dam operations justifiable?
Yes/No? Under certain (forecasted) conditions?

Climate Change

Variations of the Earth’s surface temperature; 1000 to 2100

Hydrologic Cycle

2100 multi model,
A1b,Daisuke Nohara

SPM, WG2, IPCC (2007)
•

“In the Sahelian region of Africa, warmer and drier
conditions have led to a reduced length of growing
season with detrimental effects on crops” (page 4)

•

“By 2020, between 75 and 250 million people are
projected to be exposed to an increase in water stress
due to climate change….” (page 10)

•

“Agricultural production, including access to food, in
many African countries is projected to be severely
compromised…yields from rain-fed agriculture could be
reduced by up to 50 % by 2020” (page 10)

•

“New studies confirm that Africa is one of the most
vulnerable to climate variability and change because of
multiple stresses and low adaptive capacity” (page 10)

Some Adaptation Activities in
Burkina Faso
• Expand formal irrigation if possible (only
approximately 16,000 hectares of a potential of
approximately 165,000 hectares have been
developed with formal, managed irrigation
schemes
• Expand the approximately 30,000 hectares
irrigated from small water harvesting dams
• More efficient irrigation
• Improved crop varieties
• Better use of seasonal rainfall and streamflow
forecasts

Climate Forecasting for Agricultural Resources
Project (CFAR)
•

Partnership of Tufts and UGA (water resources engineering,
anthropology, veterinary medicine, agronomy)

•

Funded by HDP, OGP, NOAA since 1996

•

Phase 1 – Obstacles and Incentives to Delivery of Seasonal Climate
Forecasts to Sahelian Rainfed Farmers

•

Phase 2 - Pilot Studies to Evaluate Interpretation Methods,
Intermediary Effectiveness, and Appropriate Levels of Intervention in
the Provision of Climate Forecasts in the Sahel-Sudan

•

Phase 3- Decision Support Tools for Water Resources Management
(starting January 2007)
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Farmer in
Spring
Wow, It is now
May 1!
What do I plant
?
Where do I plant
?
How much do I
plant ?
When do I plant
?

Could a Farmer DST be useful ?

Historical Daily
Climate Data
Set

Matrix of
Generated
Yields

Crop Growth
Simulation using
DSSAT

Crop
Genotypes

Mixed-integer
Program –
Formulated in
GAMS

Optimal
Management
Strategy

Climate
Forecast
Physical
Conditions

Rader and Kirshen
(2006)

Farmer’s
Risk Level

SCS runoff
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model

Comoe Schematic
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SocioEconomic,
Environmental,
Public Health
Goals

Policy Response

•

The Dublin Statement

•

Agenda 21

•

UN Convention on Water

•

World Bank Water Resources Policy

•

World Water Fora

•

Global Water Partnership

•

World Water Council

•

World Commission on Dams

•

International Conference on
Freshwater, Bonn

•

World Bank Water Resources Strategy

•

World Development Summit,
Johannesburg

The Dublin Principles (1992)
• Water is a finite, vulnerable resource essential
to life…..
• Water management and development should
be based upon a participatory approach
including all stakeholders
• Water …..should be recognized as an
economic good….
• Women play a central role in provision,
management and safeguarding of water

The Dublin Principles have served as guide
for the global water dialogue

The UN Millennium Development
Goals (2000)
Goal 1. Eradicate extreme
poverty and hunger
Goal 2. Achieve universal
primary education
Goal 3. Promote gender
equality and empower
women
Goal 4. Reduce child mortality

Goal 5. Improve maternal health
Goal 6. Combat HIV/AIDS,
malaria and other
diseases
Goal 7. Ensure environmental
sustainability
Goal 8. Develop a Global
Partnership for
Development

Link between water security, poverty,
hunger , and environmental
sustainability

IWRM

• Holistic approach to management of water
resources, that is equal consideration of the
environmental, social, economic, and
technical aspects of water challenges
(Integrated Water Resources Management,
IWRM)

Implies…
Translating the guiding principles of water
management into pragmatic solutions
and implementation methodologies
Tapping the full potential of existing
technologies
Developing new and innovative
technologies and solutions
Capacity Building at all levels

• What Tufts is doing !

Dr. Rita Coldwell, Former NSF Director

•

Goals
Educate a diverse, ethical, skilled set of professionals who are trained
to be multidisciplinary even as they develop a specialization
Meet the growing global demand for interdisciplinary water experts
Develop interdisciplinary research projects that will make significant
local, national, and global contributions
Serve as a model for integrative graduate education both within and
outside Tufts---

•

Partnership of six Tufts schools: Arts and Sciences, Engineering,
Fletcher School of Law and Diplomacy, Medical School, Friedman
School of Nutrition Science and Policy, and Veterinary Medicine. Each
school has one or more members on the WSSS Steering Committee.

School of Arts and Sciences
Jonathan Kenny* Characterization of organics
Frank Ackerman Environmental Economics
Astier Almedom Bio-medical Anthropology
Lawrence Bacow Environmental Economics & Policy
Scott Horsley
Water Resources Policy/Planning
Sheldon Krimsky Environmental Policy & Ethics
David O’Leary Comparative Religion & Ethics
Ann Rappaport Environmental Science & Management
Michael Reed
Ecology, Conservation
Albert Robbat
Analytical Instrumentation
Rhonda Ryznar Environmental Planning and GIS
Jay Shimshack
Environmental Economics & Policy
David Walt
Sensors & Pathogen Detection
Jon Witten
Land Use Planning

Thank you.
Questions ?
Comments ?

School of Engineering
Richard Vogel* Hydrology, Water Resources
Paul Kirshen*
Water Resources Systems
Linda Abriola
Groundwater Pollution/Remediation
Steven Chapra Water Quality, Mathematical Modeling
John Durant
Environmental Fate & Transport
David Gute
Epidemiology & Public Health
David Kaplan
Environmental Microbiology
Fletcher School of Law and Diplomacy
William Moomaw* Environmental Policy & Negotiations
Leila Fawaz
Interstate Disputes in the Middle East
Medical School
Jeffrey Griffiths* Water-born Disease
Elena Naumova Public Health, Mathematical Modeling
Veterinary School
Christine Jost* Ecosystem Health Assessment
Saul Tzipori
Waterborne Pathogens
Mark Pokras
Ecology & Disease
Friedman School of Nutrition Science and Policy
Patrick Webb* Household Water Security
Beatrice Rogers* Economics/Food Policy
Peter Walker
Natural Disaster Relief
Email FirstName LastName@tufts edu

Additional Challenges in Research on IWRM and Issues
•

The ease of working alone.

•

Sharing of Indirect Costs.

•

Recognizing Contributions of Team Members.

•

University Administration by Departments and Schools.

